SUMMARY The prevalence of ischaemic heart disease was determined by an administered questionnaire and electrocardiography in 7735 men aged 40-59 years drawn at random from general practices in 24 British towns. Overall, one quarter of these men had some evidence of ischaemic heart disease on questionnaire or electrocardiogram or both. On questionnaire, 14% of men had possible myocardial infarction or angina, with considerable overlap of the two syndromes. The prevalence of possible myocardial infarction combined with angina and of definite angina only showed a fourfold increase over the age range studied.
SUMMARY The prevalence of ischaemic heart disease was determined by an administered questionnaire and electrocardiography in 7735 men aged 40-59 years drawn at random from general practices in 24 British towns. Overall, one quarter of these men had some evidence of ischaemic heart disease on questionnaire or electrocardiogram or both. On questionnaire, 14% of men had possible myocardial infarction or angina, with considerable overlap of the two syndromes. The prevalence of possible myocardial infarction combined with angina and of definite angina only showed a fourfold increase over the age range studied.
Electrocardiographic evidence of ischaemic heart disease (definite or possible) was present in 15% of men, there being myocardial infarction in 4.2% and myocardial ischaemia in 10-3%. Electrocardiographic evidence of myocardial infarction increased fourfold over the age range studied. There was considerable overlap of questionnaire and electrocardiographic evidence of ischaemic heart disease. Nevertheless, more than half of those with possible myocardial infarction combined with angina had no resting electrocardiographic evidence of ischaemic heart disease, and half of those with definite myocardial infarction on electrocardiogram had no history of chest pain at any time. This national population based study strongly suggests that the prevalence of ischaemic heart disease in middle aged British men is greater than has been indicated by previous studies based on occupational groups.
Ischaemic heart disease is a major cause of incapacity and death in middle aged and elderly men and women in Great Britain. There are reasonably sound data on deaths due to ischaemic heart disease' but less information regarding its prevalence-that is, the proportion of people in the community with symptoms or signs of ischaemic heart disease or both. Several major prevalence studies of ischaemic heart disease have been carried out, usually based on one geographic area2 and often restricted to one occupational group. 3 It is difficult to generalise from such studies to the British population at large, as there are considerable geographic and socioeconomic variations in cardiovascular disease mortality.46 Information from heart attack registers suggests that these variations affect non-fatal as well as fatal ischaemic heart disease 596 registers of group general practices in 24 towns in England, Wales, and Scotland. The criteria for selecting the town, the general practice, and the subjects, as well as the methods of data collection, have been reported previously.'0 In brief, the 24 towns were primarily selected from those with populations of 50 000-100 000 (1971 Census). They were chosen to represent the full range of cardiovascular disease mortality and included towns in all the major standard regions. The general practice selected in each town was required to have a social class distribution representative of the men of that town.
From each age-sex register some 420 men aged 40-59 years were selected at random to produce fiveyear age groups of equal size. The list of names was reviewed by the doctors in the practice, who were asked to exclude those whom they considered could not participate because of severe mental or physical disability. It was emphasised that no attempt should be made to exclude subjects with cardiovascular problems, and close scrutiny of the returned annotated lists reduced the exclusions to approximately 6 to 10 per practice. The remaining subjects were invited to take part in the study in a letter signed by their general practitioner, and on average 780/o of those invited attended for examination.
A mobile research team of three nurses administered to each man an extensive questionnaire which included questions on chest pain and medical history. The questions on chest pain were based on the WHO questionnaire,'2 but they are not identical. Copies of the questionnaire are available on request. Electrocardiograms were recorded in analogue form on magnetic tape using the three orthogonal leads as derived from the modified axial lead system.'3 They were simultaneously reviewed on an oscilloscope in order to detect major acute abnormalities, which were reported to the general practitioner. The completed tapes for each town were sent to the collaborating centre in Glasgow for replay to a computer system for analysis and interpretation. "'4'5 On those occasions (n=400) when technical problems occurred with the recording 12 lead electrocardiograms were obtained on a Hewlett Packard (1515-B) machine and sent to the centre for visual analysis.
TERMINOLOGY
The prevalence of ischaemic heart disease was measured in several ways in this study. In order to make it clear which method is being referred to at any particular time the suffixes (Q) and (ECG) are used whenever necessary to refer respectively to the questionnaire on chest pain and to the electrocardiographic findings. Each of these two methods of determining prevalence has a variable level of certainty, which may be expressed by terms such as "definite" or "possible." As Shaper, Cook, Walker, Macfarlane the clinical diagnosis of angina is based on symptoms it seems reasonable to apply these two grades of diagnostic certainty to the information elicited by administered questionnaire. On the other hand, the diagnosis of myocardial infarction is usually based on symptoms or signs or both (for example, enzyme response, electrocardiographic changes), and it thus seems inappropriate to use the term "definite myocardial infarction" when referring purely to a response to a question about prolonged severe chest pain. We, therefore, use the term "possible myocardial infarction (Q)" for the category of greatest certainty. This is well established in epidemiological use.'2 In electrocardiography, where precise measurements and criteria are used, it is reasonable to use the terms "definite" and "possible." Definite angina (Q) and possible angina and myocardial infarction (Q) may be combined as ischaemic heart disease (Q). The electrocardiographic findings of myocardial infarction (definite or possible) and myocardial ischaemia (definite or possible) may be combined as ischaemic heart disease (ECG). The term "ischaemic heart disease" without a suffix is used in the general sense.
CRITERIA AND CATEGORIES

Myocardial infarction (Q)
Possible myocardial infarction (Q)-Subjects were regarded as having had a possible myocardial infarction if (a) they answered yes to "Have you ever had a severe pain in your chest lasting for half an hour or more?" and (b) the distribution of pain included positions 4 or 5 or 8 ( Fig. 1 ). They were also asked whether they had seen a doctor because of this pain.
Other prolonged severe chest pain-The subject answered yes to the above question, but the distribution of the pain did not include position 4 Prevalence of ischaemic heart disease in middle aged British men were also asked whether they had seen a doctor because of this pain. No prolonged severe chest pain.
Angina (Q)
Definite angina (Q)-The questions relating to angina followed the inquiry into severe chest pain. Subjects were regarded as having definite angina if they answered yes to (a) "Do you ever have any pain or discomfort in your chest?" and (b) "When you walk uphill or hurry, does this produce pain?"; in addition, four additional criteria had to be satisfied: (i) the distribution of pain included position 4 or 5 or 8;
(ii) the subject slowed down or stopped walking when the pain occurred; (iii) the pain went away if he stood still and (iv) did so in less than 10 minutes. These criteria denote definite angina grade 1. If, in addition, the chest pain was produced by walking at an ordinary pace on the level it was regarded as grade 2. Four subjects with chest pain on the level, but not on walking uphill or hurrying, were included in grade 1 as they satisfied all the four additional criteria. Possible angina (Q)-Chest pain was present on exertion (walking uphill or hurrying) but did not fulfil all four of the additional criteria. Possible angina was also separated into grades 1 and 2. Nine of these subjects said they had chest pain on the level but not on walking uphill or hurrying and were included in grade 1.
Chest pain (not on exertion)-The subject answered yes to the question "Do you ever have any pain or discomfort in your chest?" but it was not related to exertion.
No chest pain.
Electrocardiogram
Details of the criteria used in interpreting the three orthogonal lead electrocardiogram have already been published. [14] [15] [16] In the following sections an explanation is given of the system of classification used in this study, and an outline is offered of possible relations between this system and the Minnesota Code,'2 which is widely used for classifying the 12 lead electrocardiogram. It must be emphasised that the comparison can be only an approximation. For the purposes of this study, a system of exclusive categories is used in ranking order so that each man can appear once only in the analysis of findings. Myocardial infarction (ECG)-In the three orthogonal lead electrocardiogram the diagnosis of myocardial infarction is made on the basis of a broad Q wave in any of the leads together with a Q: R amplitude ratio greater than 1/3 if the Q wave is in the anterolateral (X) or inferior (Y) leads. The anteroseptal (Z) lead of the three orthogonal lead electrocardiogram in this system should be considered equivalent to lead V2 or V3. Q and QS patterns are expressed as definite or possible myocardial infarction, depending on the width of the Q wave and the magnitude of the Q: R amplitude ratio. There is considerable overlap between the electrocardiographic findings and the prevalence of possible myocardial infarction (Q) and angina (Q). Table 3 shows the proportion of those with symptoms of ischaemic heart disease on questionnaire who have electrocardiographic evidence of ischaemic heart dis- naire evidence of possible myocardial infarction and angina. At the other extreme are 333 men with possible myocardial ischaemia (ECG) and no history of any chest pain. Overall, 1902 (24-77%) of the men had some evidence of ischaemic heart disease by questionnaire or electrocardiography or both. The data in Table 4 are presented in a manner which allows prevalence to be viewed at several levels. In a prospective study of this kind we are concerned with the prognostic significance of all these categories, and even with other subcategories which may be derived from Table 3. AGE AND THE PREVALENCE OF ISCHAEMIC HEART DISEASE Questionnaire The prevalence of possible myocardial infarction combined with angina and of definite angina only increase progressively with age, rising almost fourfold over the four successive five-year age groups (Table 5 ). Possible myocardial infarction only and Overall prevalence The overall prevalence of ischaemic heart disease, using electrocardiographic or questionnaire evidence, almost doubles over the age range covered in this study-that is, from 17-6% to 31.2%. The percentage of men with both electrocardiographic and questionnaire evidence of ischaemic heart disease increases fourfold-that is, from 2-3% to 9-3%. These findings suggest that not only is the overall prevalence increasing with age, but there is simultaneously a considerable and disproportionate increase in the proportion of men with severe ischaemic heart disease. For the purposes of internal validation of the questionnaire, it is of interest to observe the proportion of subjects with some electrocardiographic evidence of ischaemic heart disease in each questionnaire category by age (ischaemic heart disease (ECG)) ( Table 6) . Men with possible myocardial infarction and angina (Q) show a high rate of ischaemic heart disease (ECG) in all age groups and a twofold increase from the youngest to the oldest group. The men with possible myocardial infarction (Q) only show rates of ischaemic heart disease (ECG) similar to the total study population in those under 50 years, but the rates of ischaemic heart disease (ECG) are considerably increased in the older subjects. For men with angina (Q) only (definite and possible) the pattern of ischaemic heart disease (ECG) is similar to that seen for possible myocardial infarction (Q) alone with a Prevalence of ischaemic heart disease in middle aged British men considerable increase in the rate of ischaemic heart disease (ECG) in the men aged 50 years or more.
Discussion
The main purpose of the prevalence data from the Regional Heart Study is to provide the background for a prospective study of cardiovascular events taking place in these men. Such events can be related to the many variables measured at the original examination, including the usual "risk factors" and the prevalence criteria derived from the questionnaire and the electrocardiogram. They are also useful for exploring the relations between existing ischaemic heart disease in the men and their measured characteristics, as part of the search for causal factors. Furthermore, they may be used for assessing the present size of the problem of ischaemic heart disease in the community and for determining the facilities likely to be required by those affected by the disorder.
The reliability of the prevalence data depends almost entirely on the validity of the methods usedthat is, the questionnaire and the electrocardiogram. The questionnaire used in this study was originally developed for detecting the presence or absence of angina or a history of possible myocardial infarction in population studies and was not primarily intended for use on individual patients.'7 Nevertheless, from the earliest days of assessing the significance of answers to the questionnaire it became clear that positive answers in population groups and individuals contributed to the prognosis as much as positive findings on electrocardiography.18 Rose 1961 and 1962 were more likely to have electrocardiographic changes of ischaemia than those whose answers were not consistent. Even those who answered positively one year and negatively the other year were more likely to have electrocardiographic changes than the men who gave consistently negative answers. There seems to be little doubt that this questionnaire is a powerful tool for detecting individuals and groups with ischaemic heart disease and at high risk of further episodes such as acute myocardial infarction or sudden death.
In an extended study of the same 1136 men based on four examinations over a four year period, the period prevalence of angina remained constant at around 4% but with a great deal of flux among the "angina positive" group.'9 The majority were positive on only a single occasion. On follow up, however, 590/o of the clinical coronary events had been preceded by a positive response to the questionnaire (angina or possible myocardial infarction) and 800/o by either a positive questionnaire or a positive electrocardiogram. Relatively few of these earlier manifestations would have been recognised apart from the survey, and the physician in charge would have concluded that a major illness had occurred without prior warning. This makes for a particularly difficult situation in defining what is an "old" and a "new" case of ischaemic heart disease and suggests that the definition of incidence may be more arbitrary than is realised.
POSSIBLE MYOCARDIAL INFARCTION (Q)
The questionnaire administered to the 7735 men in the present study indicates that about 1 in 10 have experienced prolonged severe chest pain such as might occur in acute myocardial infarction. Men with such a history were five to six times as likely to have angina on questionnaire as men who had not experienced such chest pain and were five times as likely to have electrocardiographic changes of myocardial infarction or definite myocardial ischaemia. These findings strongly suggest that a high proportion of men with a history of possible myocardial infarction (Q) actually have ischaemic heart disease.
ANGINA (Q)
Chest pain is an extremely common symptom, but the criteria which have to be satisfied before a diagnosis of definite angina is made in this study are exacting. Possible angina appears to be very similar to definite angina in its association with possible myocardial infarction (Q) and with evidence of ischaemic heart disease on electrocardiography. For the purposes of assessing the prevalence of angina in these men it therefore seems reasonable to combine the definite and possible categories as angina (Q). About 8% of these middle aged men have angina and one in three of those with angina also have a history of possible myocardial infarction (Q).
ELECTROCARDIOGRAPHY
The relation of electrocardiographic finding to the risk of ischaemic heart disease has been well documented.20 A recent review of three epidemiological studies in Chicago2' has shown that major electrocardiographic abnormalities retain a significant relation to mortality even when age, diastolic blood pressure, serum cholesterol concentration, relative weight, and cigarette smoking are taken into consideration. In two of these Chicago studies minor elec-trocardiographic changes also showed an independent relation to mortality. The electrocardiograms in these studies were classified using the Minnesota Code, a system originally developed during the 1950s for use in epidemiological studies in order to provide for the "reporting of findings in uniform, clearly defined and objective terms with the least risk of confusion with regard to interpretation."22 The orthogonal three lead systems developed in the 1960s considerably reduce the electrical distortion inherent in the conventional 12 lead electrocardiogram and by reduction of redundant information facilitate the analysis of electrocardiograms by computer. A classification system suitable for epidemiological investigations has recently been proposed23 but was not available at the time of this study. A recent comparative study provides information on the validity of the three lead orthogonal systems in the diagnosis of ischaemic heart disease. 24 In 90 patients undergoing coronary arteriography both three lead orthogonal and 12 lead electrocardiograms were used to examine ST-T wave abnormalities in relation to the presence of arterial obstruction. The X lead (anterolateral) was compared with leads I, V5, and V6, the Y lead (inferior) with aVF and lead II, and the Z lead (anteroseptal) with V2 and V3 of the 12 lead electrocardiogram. The 12 lead electrocardiogram was interpreted by two cardiologists. The overall agreement between the two systems was relatively high. The three orthogonal lead system had a somewhat greater sensitivity than the 12 lead system, with a slightly lower specificity in the anteroseptal and inferior leads. Nevertheless, the predictive value was very similar for the two systems, about 80% for anterolateral leads, 86% for anteroseptal leads, and 90% for inferior leads.
It should perhaps be emphasised that both systems merely help to describe and categorise the electrocardiographic findings; they do not provide a diagnosis.
It should also be emphasised that in this study the terms "definite" and "possible," as applied to myocardial ischaemia (ECG), essentially indicate the severity of the ST-T changes. It must also be remembered that an exclusive categorisation system was used and that secondary ST-T abnormalities such as occur in ventricular hypertrophy and right bundle branch block were not regarded as evidence of myocardial ischaemia (ECG). Furthermore, while ST-T change can be due to many causes, in the male population aged 40-59 years under study, none of whom was acutely ill, the most likely cause of a primary ST-T change is myocardial ischaemia.
When the men have been followed for the development of clinical ischaemic heart disease it will be possible to assign levels of risk to the various categories of electrocardiographic findings as in other Shaper, Cook, Walker, Macfarlane studies. At present it is feasible only to report on the prevalence of the findings and their relation to the information obtained on questionnaire. It is of interest and concern that, of the 241 men with definite myocardial infarction on electrocardiograms, only half had a history of possible myocardial infarction or angina or both on questionnaire. This lends further support to the widely accepted concept of unrecognised (silent) myocardial infarction25 and emphasises the need for objective methods of determining the prevalence of ischaemic heart disease in populations and in assessing the cardiovascular status of individuals.
COMPARISON WITH OTHER STUDIES
It would be useful to compare the findings in a study of this kind with those derived from similar studies in the same population on previous occasions. Unfortunately, there are no similar studies based on subjects recruited from general practices spread widely over Great Britain, but there are two major studies which provide comparable data.
The Whitehall Study of cardiorespiratory disease and diabetes was based on 18 403 male civil servants aged 40-64 years working in selected government departments within about two miles of Whitehall, London.3 26 The men were examined over a two and a half year period in 1967 to 1969 and the response rate was 77%, ranging from 58% among messengers to 87% among senior grades. They completed a selfadministered questionnaire, which included questions on chest pain (possible myocardial infarction, angina), and had an electrocardiogram, in which only the six limb leads were recorded. The prevalence of ischaemic heart disease was expressed in terms of the presence of angina (Q) and possible myocardial infarction (Q) and by Minnesota Code items indicative of myocardial ischaemia (1.1-1.3, 4.1-4.4, 5.1-5.3, 7.1).
The WHO Collaborative Trial in the Multifactorial Prevention of Coronary Heart Disease included a United Kingdom group (The UK Heart Disease Prevention Project (UKHDPP)) of 18 210 men aged 40-59 years employed in 24 large industrial groups, mainly factories.27 They represent a cross section of light, medium, and heavy industry. The study included all men regardless of their work activity and they were examined between 1971 and 1973.
These two studies record similar prevalences of the various manifestations of ischaemic heart disease and both show a lower prevalence than the Regional Heart Study ( Table 7 ). In the Regional Heart Study data (Table 7 ) angina (Q) includes possible angina, whereas this group may have been excluded in the Whitehall angina category. In both the Whitehall Study and the UKHDPP there is relatively little over-Prevalence of ischaemic heart disease in middle aged British men By contrast the Regional Heart Study includes men from all major geographic regions of Great Britain and adequately represents the social class composition of the male population. Only a very few men were excluded from the study by their general practitioners and the design of the study precludes the "healthy worker" effect seen in studies of occupational groups.
HEART ATTACK REGISTERS Heart attack registers have been maintained in a number of countries over the past 10 years, including several registers in British towns.78 31 These have provided valuable information on the frequency and natural history of heart attacks in different communities, and in particular have emphasised the prognostic importance of the previous history of cardiovascular disease. In the Tower Hamlets study in East London half of those suffering heart attacks had a previous history of ischaemic heart disease, and an appreciable minority were already unfit for work, mainly because of recognised cardiovascular disease. 8 The WHO International Collaborative Study with heart attack registers in 19 European centres, as well as Australia (Perth) and Israel (Tel-Aviv), covered a population of 3-6 million men and women aged 20-64 years.32 In this study, two thirds of the men and four fifths of the women were already suffering from some form of cardiovascular disease by the time they experienced acute myocardial infarction or sudden death. The commonest preceding histories were hypertension, angina, and myocardial infarction.
The findings in the heart attack registers relate to the attempts we will make to determine the strength of the relations between risk factors and the frequency of ischaemic heart disease events. We have already noted in the Chicago epidemiological studies that electrocardiographic abnormalities have a relation to mortality independent of the established risk factors.2' There is also considerable evidence that the risk of death or recurrent myocardial infarction in those who have already experienced a myocardial infarction depends more on their age and the severity of the initial episode (manifest to some degree by the electrocardiographic changes) than on the level of the conventional risk factors such as smoking, hypertension, or raised serum cholesterol concentrations.33 34 These factors retain an independent effect but to a lesser extent than in those initially free of ischaemic heart disease.
CONCLUSIONS
The Regional Heart Study aims to explain the pronounced regional variations in cardiovascular disease mortality in Great Britain and to determine the causes 604 of ischaemic heart disease. It is based on a survey of 7735 middle aged men recruited from general practices in 24 towns, and these men are being followed for morbidity and mortality over a five to 10 year period. The prognostic importance of their baseline personal characteristics will be determined by relating these potential "risk factors" to cardiovascular events taking place after the initial examination. In this report the criteria for determining the existence of ischaemic heart disease have been established, and the prevalence of ischaemic heart disease by these criteria has been presented. There is strong evidence from other studies that existing ischaemic heart disease is a potent risk factor for further episodes of ischaemic heart disease and that this may outweigh that associated with the conventional risk factors. Clearly, it is of paramount importance in the Regional Heart Study to categorise each subject by his previous/existing ischaemic heart disease as well as by determining his status for other personal and environmental risk factors. The prevalence criteria can be viewed as "risk factors" or as established ischaemic heart disease, and this dual possiblity emphasises the arbitrary nature of incidence in studies of this kind. In the Regional Heart Study we will be able to determine the relative risk of the many characteristics measured in subjects with a wide range of evidence of ischaemic heart disease. At the one extreme are those with definite myocardial infarction (ECG) plus possible myocardial infarction (Q) and angina (Q); at the other extreme are those with a normal electrocardiogram and no history of any chest pain. The relative risk of hypertension, cigarette smoking, or raised serum cholesterol concentrations in these extreme groups is likely to be different, and the determination of such relative risks is critical to a rational approach to the management and prevention of ischaemic heart disease. 
